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Description 

The present invention relates to an optical recording medium containing a photochrome material. 
In recent years, study has been widely made for applying a photochrome material to a recording layer of a recording 
s medium. 

When a photochrome material is irradiated with light of a prescribed wavelength, structures of molecules are 
changed by photochemical reaction and optical properties such as absorbance, optical rotatory power, reflectance and 
the refractive index are changed in response to the structural change of the molecules. 

When the photochrome material is thereafter irradiated with light of a specific wavelength, the changed molecules 
10 are returned to the original structures. Therefore, it is possible to record and reproduce information through difference 
of the optical properties. Further, it is also possible to erase the information by returning the molecules to the original 
structures. 

For example, Japanese Magazine 'Bull. Chem. See. Jpn" 1990, Vol. 163, pp. 1311 to 1315 discloses a 2,3-bis 
(2-nnethyl-benzo[b]thiophene-3-yl) maleic anhydride as such a photochrome material. When light of about 430 nm in 
is wavelength is applied, for example, this photochrome material is changed to such a photostationary state that mole- 
cules of ringopening and ring-closing states are mixed with each other, and colored red. When light of about 550 nm 
in wavelength is applied, on the other hand, the photochrome material is fully changed to a ring-opening state. 

Thus, such reversibly changed two states can be made to correspond to recorded and erased states respectively 
In order to read out recorded information, light having a specific wavelength of 550 nm, for example, may be applied 
20 to this photochrome material for detecting difference of optical properties, such as absorbance, between the two states. 

However, when the photostationary state of such a photochrome material is used as a recorded state and the 
ring-opening state is used as an erased state, for example, the photochrome material enters a ring-opening state and 
recorded information is destroyed if reproducing light of about 550 nm in wavelength is applied thereto. When repro- 
ducing light of about 430 nm in wavelength is applied, on the other hand, a portion of an unrecorded state (erased 
25 state) of the optical recording medium enters a photostationary state (recorded state) to allow erroneous recording, 
leading to destruction of original information. 

Also when the recorded and erased states are reversed, information is destroyed in reproduction. 
In relation to such a recording medium, known is a method of recording information not at only two levels of re- 
cording bits of "0" and B 1 B but at multiple levels. For example, Japanese Patent LayingOpen Nos. 61-211835 (1986), 
30 62-164590 (1987) and 1-182846 (1989) disclose such multilevel recording methods. 

In each of such conventional multilevel recording methods, photochemical reaction is facilitated in proportion to 
the amount of photons (amount of irradiation of light) to change absorbance etc. in proportion to such facilitation of the 
reaction. The amount of irradiation of light is gradually set in order to record information at multiple levels. 

However, when optical properties such as light absorption of an optical recording medium containing such a pho- 
35 tochromic material are detected by reproducing light for reproducing information, structures of molecules are changed 
by the reproducing light to destroy the original information. Thus, it is also difficult to reproduce information recorded 
at multiple levels, similarly to the above. 

When information is recorded or reproduced in or from an optical recording medium containing such a photochrome 
material, information recording density depends on a spot diameter D of light which is used for recording or reproduction. 
40 With respect to a wavelength \ of the light and a numerical aperture N A of an objective lens, the spot diameter D has 
a relation expressed as D a X/NA. Therefore, it is necessary to increase the numerical aperture NA for reducing the 
spot diameter D. In order to increase the numerical aperture, however, it is also necessary to increase the size of the 
objective lens, and hence the apparatus is increased in size and the cost therefor is remarkably increased. 

Further, an optical recording medium employing such a photochrome material is desired to have sensitivity to a 
45 band of longer wavelengths. 

In addition, such a photochrome material generates a by-product upon irradiation with light. Thus, the material is 
gradually deteriorated when the same is repeatedly subjected to recording and erasing, to finally cause no reaction. 
This is conceivably because singlet oxygen is formed by irradiation of light, to oxidize/deteriorate the photochrome 
material. 

50 it has been reported that, among various photochromi materials, a diarylethene derivative exhibits excellent rep- 

etition durability, while a 2,3-bis(2-methyl-benzo[b]thiophene-3-yl) maleic anhydride exhibits durability against repeti- 
tion of 10 3 to 10 4 times. 

However, repetition durability of such order is still insufficient in practice. 
An optical recording medium according to the preamble of claim 1 is disclosed in JP-A-2139718. 
55 An object of the present invention is to provide an optical recording medium having an excellent C-N property, 

which can perform a nondestructive readout operation for reproducing information, and a recording/reproducing method 
therefor. 

Another object of the present invention is to provide a multilevel recording/reproducing method using an optical 
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recording medium containing a photochromic material. 

Still another object of the present invention is to provide a method of recording/reproducing information in high 
density using an optical recording medium containing a photochromic material. 

A further object of the present invention is to provide an optical recording medium having sensitivity to a band of 
long wavelengths, which can perform a nondestructive readout operation for reproducing information, and a recording/ 
reproducing method therefor. 

A further object of the present invention is to improve repetition durability of an optical recording medium containing 
a photochromic material. 

These objects are achieved by an optical recording medium as defined in claim 1 ; the dependent claims are related 
to further developments of the invention. 

An optical recording medium according to the present invention comprises a recording layer containing a photo- 
chromic material and a polymer, which are so combined with each other that a photostationary state attained upon 
irradiation with light of a specific wavelength is varied with temperatures, a reflective layer for reflecting light being 
passed through the recording layer, and a substrate for supporting a laminate of the recording layer and the reflective 
layer. 

According to a preferred embodiment of the present invention, the photochromic material is thermally stable and 
the polymer has strong intermolecular interaction with the photochromic material. Such a photochromic material is 
made of a diarylethene derivative. 

According to the present invention, the photochromic material is preferably made of a diarylethene derivative which 
has at least one benzothiophene ring. Such a diarylethene derivative is prepared from a 2,3-bis(2-methy!-benzo[b] 
thiophene-3-yl) maleic anhydride, for example. 

The polymer which is combined with the diarylethene derivative to exhibit temperature dependency is prepared 
from an ion-dissociative material. In particular, the polymer is preferably prepared from potymethacrylic acid, for ex- 
ample, having a carboxylic acid group. 

As to the combination of the photochromic material and the polymer exhibiting temperature dependency, the con- 
version from the open-ring form to the closed ring one in the photostationary state at 140°C is preferably at least twice 
that at the ordinary temperature. 

A photochromic material employable in the present invention may alternatively be made of a diarylethene derivative 
having an indole ring and a thiophene ring. Such a diarylethene derivative is prepared from 2-(1 ,2-dimethyl-3-indolyl)- 
3-(2,4,5-trimethyl-3-thienyl) maleic anhydride. 

The polymer which is combined with this diarylethene derivative to exhibit temperature dependency is prepared 
from polystyrene, polyvinyl butyral or the like. 

In order to obtain an optical recording medium which has an excellent C-N property, the mixing ratio of the photo- 
chromic material to the polymer contained in the recording layer is preferably less than 20 percent by weight, if the 
polymer has an aryl group, the said mixing ratio is preferably less than 10 percent by weight. Examples of polymers 
having aryl groups are polystyrene, a styrene-methacrylic acid copolymer and polycarbonate. 

When the polymer has an electric dipole which is larger than the aryl group, the mixing ratio is preferably less than 
3 percent by weight. An example of such a polymer is polymethacrylic acid. 

In order to improve repetition durability of an optical recording medium containing such a photochromic material, 
the recording layer preferably contains a singlet oxygen quencher. 

Figs. 48 to 50 show exemplary structural formulas of such a singlet oxygen quencher. 

According to the present invention, the photochromic material and the polymer may be contained in the recording 
layer as a mixture. Alternatively, the photochromic material may be contained as a side chain of the polymer. 

A recording method according to the present invention comprises a step of heating a recording layer containing a 
photochromic material and a polymer which are so combined with each other that a photostationary state attained 
upon irradiation with light of a specific wavelength is varied with temperatures, and a step of applying the fight of the 
specific wavelength to the heated recording layer for bringing the same into a photostationary state. 

The heating step may be carried out by applying the light of a specific wavelength to the recording layer. Alterna- 
tively, this step may be carried out by applying another tight of another wavelength to the recording layer. 

A reproducing method for an optical recording medium according to the present invention comprises a step of 
selectively heating a portion of a recording layer which is in a photostationary state, a step of applying reproducing 
fight to the recording layer, and a step of detecting the reproducing light being passed through the recording layer for 
reproducing recorded and unrecorded states. 

The heating step is preferably carried out by applying light of a wavelength which is absorbed only by the portion 
of the recording layer being in the photostationary state. 

Preferabfy the reproducing light is applied to such a heated portion of the recording layer to maintain the photo- 
stationary state of the portion of the recording layer. Thus, a nondestructive readout operation can be performed. 

A multilevel recording method according to the present invention comprises a step of heating a recording layer 
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containing a photochromic material and a polymer, which are so combined with each other that a photostationary state 
attained upon irradiation with light of a specific wavelength is varied with temperatures, to a temperature corresponding 
to each level, and a step of applying light of the specific wavelength to the heated recording layer to bring the same 
into a photostationary state corresponding to the temperature. 
s The heating step preferably comprises a step of changing the amount of irradiation of the light of a specific wave- 

length for heating the recording layer to the temperature corresponding to each level. 

A multilevel reproducing method according to the present invention comprises a step of selectively heating a portion 
which is in a photostationary state corresponding to each level to a temperature corresponding to each level, a step 
of applying reproducing light to a recording layer, and a step of detecting the reproducing light being passed through 

10 the recording layer for reproducing recorded and unrecorded states at each level. 

In this multilevel reproducing method, the heating step preferably comprises a step of applying light of a wavelength 
which is absorbed only by the portion of the recording layer being in a photostationary state for heating the same. The 
reproducing light is preferably applied to the portion of the recording layer heated to the temperature corresponding to 
each level, so that the portion of the recording layer is maintained in a photostationary state corresponding to each level. 

is a high density recording/reproducing method according to the present invention comprises a step of applying 

heating light to a part of a recording layer containing a photochromic material and a polymer which are so combined 
with each other that a photostationary state attained upon irradiation with light of a specific wavelength is varied with 
temperatures for heating the same, and a step of applying light of the specific wavelength to be partially overlapped 
with a region of the heated part of the recording layer for performing recording/reproduction. 

20 Another high density recording/reproducing method according to the present invention comprises a step of applying 

heating light to a recording layer containing a photochromic material and a polymer which are so combined with each 
other that a photostationary state attained upon irradiation with light of a specific wavelength is varied with temperatures 
for heating the same, and a step of applying light of the specific wavelength to the recording layer with relative movement 
following the heating light for recording/reproducing the part of the recording layer heated by the heating light. 

25 According to each of the high density recording/reproducing methods, it is possible to cause photochemical reaction 

only in a part of a light spot, so that recording/reproduction can be made in a region smaller than the spot diameter. 
Thus, information can be recorded/reproduced in high density, while the same can be reproduced at a high speed. 

The foregoing and other objects, features, aspects and advantages of the present invention will become more 
apparent from the following detailed description of the present invention when taken in conjunction with the accompa- 

30 nying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates the structural formula of a 2,3-bis(2-methyl-benzo[bJthiophene-3-il) maleic anhydride, which is 
35 one of photochromic materials employed in the present invention; 

Fig. 2 illustrates absorbance of the photochromic material shown in Fig. 1 ; 
Fig. 3 illustrates the structural formula of polymethacrylic acid; 

Fig. 4 illustrates mixing ratios of photochromic materials to polymers contained in recording layers in Example 1 
of the present invention; 

40 Fig. 5 illustrates relations between rates Z of change from ring-opening states to ring-closing states and mixing 

ratios in the photochromic materials of Example 1 ; 

Fig. 6 illustrates relations between conversion yields of ring-closing states converted from ring-opening states and 
mixing ratios in the photochromic materials in Example 1 ; 

Fig. 7 illustrates temperature dependency values of rates Z of change in Example 1 ; 
45 Fig. 8 illustrates temperature dependency values of conversion yields in Example 1 ; 

Fig. 9 illustrates wavelength dependency values of quantum yields of photochromic materials; 

Fig. 10 illustrates absorbance characteristics of photochromic materials; 

Fig. 1 1 illustrates an exemplary optical system for making an experiment of repetition durability; 

Fig. 12 illustrates results of a repetition durability test; 
so Fig. 1 3 illustrates the structural formula of polystyrene; 

Fig. 14 illustrates mixing ratios of photochromic materials to polymers contained in recording layers in Example 2 

of the present invention; 

Fig. 15 illustrates relations between conversion yields of ring-closing states converted from ring-opening states 
and mixing ratios of photochromic materials in Example 2; 
ss Fig. 16 illustrates relations between rates Z of change and mixing ratios in Example 2; 

Fig. 1 7 illustrates temperature dependency values of conversion yields in Example 2; 
Fig. 18 illustrates absorbance of a photochromic material; 

Fig. 19 illustrates the structural formula of a styrene-methyt methacrylate copolymer; 
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Fig. 20 illustrates mixing ratios of photochromic materials to polymers contained in recording layers of Example 3 
of the present invention; 

Fig. 21 illustrates relations between conversion yields of ring-closing states converted from ring-opening states 
and mixing ratios of the photochromic materials in Example 3; 
5 Fig. 22 illustrates relations between rates Z of change and mixing ratios in Example 3; 

Fig. 23 illustrates temperature dependency values of conversion yields in Example 3; 
Fig. 24 illustrates the structural formula of polycarbonate; 

Fig. 25 illustrates mixing ratios of photochromic materials to polymers contained in recording layers in Example 4 
of the present invention; 
10 Fig. 26 illustrates relations between rates Z of change and mixing ratios in Example 4; 

Fig. 27 illustrates the structural formula of a 2,3-di(2,3 J 5-trimethylthienyl) maleic anhydride employed in the present 
invention; 

Fig. 28 illustrates mixing ratios of photochromic materials to polymers in recording layers in Example 5 of the 
present invention; 

is Fig. 29 illustrates relations between rates Z of change and mixing ratios in Example 5; 

Fig. 30 illustrates exemplary spots of heating light and light of a specific wavelength applied to an optical recording 
medium according to the present invention; 

Fig. 31 illustrates other exemplary spots of heating light and light of a specific wavelength applied to an optical 
recording medium according to the present invention; 
20 Fig. 32 illustrates further exemplary spots of heating light and light of a specific wavelength applied to an optical 

recording medium according to the present invention; 

Fig. 33 illustrates an embodiment of an optical system for recording, reproducing or erasing information in, from 
or from an optical recording medium having temperature dependency; 

Fig. 34 shows temperature distribution by irradiation of light, for illustrating the relation between a spot and a pit 
25 of the light; 
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35 invention; 

Fig. 40 illustrates absorbance of the photochromic material shown in Fig. 39; 

Fig. 41 illustrates mixing ratios of photochromic materials to polystyrene contained in recording layers in Example 
6 of the present invention; 

Fig. 42 illustrates temperature dependency values of conversion yields in Example 6; 
40 Fig. 43 illustrates results of repetition durability in Example 6; 

Fig. 44 illustrates mixing ratios of photochromic materials to polyvinyl butyral contained in recording layers in Ex- 
ample 7 of the present invention; 
Fig. 45 illustrates conversion yields in Example 7; 

Fig. 46 illustrates a mixing ratio of the photochromic material shown in Fig. 39 to polymethacrylic acid; 
45 Fig. 47 illustrates temperature dependency of a conversion yields in combination of the photochromic material 

shown in Fig. 39 and polymethacrylic acid; 

Fig. 48 illustrates the structural formula of a singlet oxygen quencher which is employable in the present invention; 
Fig. 49 illustrates the structural formula of another singlet oxygen quencher which is employable in the present 
invention; 

50 Fig. 50 illustrates the structural formula of still another singlet oxygen quencher which is employable in the present 

invention; 

Fig. 51 is a sectional view showing an exemplary optical recording medium according to the present invention; and 
Fig. 52 shows another exemplary optical recording medium according to the present invention. 

55 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 51 shows an optical recording medium according to the present invention. Referring to Fig. 51, a reflective 
layer 2 is provided on a substrate 1 . The reflective layer 2 is provided thereon with a recording layer 3, which contains 
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a photochrome material and a polymer according to the present invention. Light is applied to this optical recording 
medium from above along arrow A. The light which is passed through the recording layer 3 is reflected by th reflects 
layer 2, to be again passed through the recording layer 3. 

Fig. 52 shows another optical recording medium according to the present invention. Referring to Fig. 52, a recording 
5 layer 3 is provided on a substrate 1 , and a reflective layer 2 is provided on the recording layer 3. Light is applied to the 
optical recording medium along arrow B, and passed through the substrate 1 to enter the recording layer 3. The light 
thus passed through the recording layer 3 is reflected by the reflective layer 2, to be again passed through the recording 
layer 3 and the substrate 1. 

A photochrome material to be contained in a recording layer was prepared from a 2,3-bis(2-methyl-benzo[b]thi- 
io ophene-3-yl) maleic anhydride, which is one of diarylethene derivatives having benzothiophene rings as shown in 
Japanese Magazine "Bull. Chem. Soc. Jpn." 1990, Vol. 163, pp. 1311-1315. Fig. 1 shows the reaction formula of this 
photochromic material. 

Ringopening and ring-closing states of this photochromic material are so stable that the same are hardly changed 
by heat. 

is First, the photochromic material was dissolved in a solvent of benzene, and the solution was filled in an optical 

cell, for measurement of absorbance. 

Fig. 2 schematically shows absorbance characteristics of the solution. 

First, absorbance was measured when the photochromic material was fully in a ring-closing state. Fig. 2 shows 
the resultant absorption spectrum with a broken line. For such measurement, the closed-ring form was previously 
20 separated through a column. 

Then, light of 546 nm in wavelength was applied to this photochromic material to bring the same into a ring-opening 
state as a whole, for measurement of absorbance. 

Fig. 2 shows the resultant absorption spectrum with a solid line. It is assumed here that X represents absorbance 
at a wavelength of 417 nm. 

25 Then, light of 436 nm, which was outputted from a mercury lamp and passed through a filter, was applied to the 

solution of the photochromic material to bring the same into a photostationary state, for measurement of absorbance. 

Fig. 2 shows the resultant absorption spectrum with a dotted line. It is assumed here that Y represents absorbance 
at a wavelength of 544 nm. 

From the results shown in Fig. 2, it is understood possible to record and reproduce information with respect to the 
30 aforementioned photochromic material, since its absorbance is changed around irradiation of light of about 430 nm in 
wavelength between a ring-opening state and a photostationary state. 

In order to attain excellent information recording etc., the photochromic material is preferably changed from a ring- 
opening state to a ring-closing state in a larger ratio. In other words, optical properties such as absorbance are preferably 
efficiently changed upon irradiation with the light of about 430 nm in wavelength. 
35 The rate Z of this change can be expressed in a ratio Y/X of the absorbance Y at the wavelength of 544 nm, which 

is one peak of absorbance in the ring-closing state, to the absorbance X at the wavelength of 417 nm, which is the 
peak of the absorbance in the ring-opening state. In the case of the above solution, this rate Z of change was 0.58. 

Fig. 3 shows the structural formula of polymethacrylic acid (hereinafter referred to as PMA) having mean molecular 
weight of about 20000, which is a polymer having strong intermolecular interaction with the aforementioned photochro- 
40 mic material. The photochromic material and polymethacrylic acid were dissolved in 1 00 g of methyl cellosotve, serving 
as a solvent, to prepare solutions of samples Nos. A-1 to A-3 shown in Fig. 4. 

The samples Nos. A-1 to A-3, containing the aforementioned photochromic material and polymethacrylic acid, 
were applied onto glass substrates by spin coating at a speed of 700 r.p.m. Thereafter the solvents were evaporated 
to form recording media provided with recording layers. 
45 Then, light of 546 nm in wavelength was applied to the recording layers of the recording media, which were made 

of the samples Nos. A-1 to A-3, from the substrate sides, to bring the photochromic materials contained in the recording 
layers fully into ringopening states, for measurement of absorbance values. 

The photochromic materials were easily brought into the ring-opening states upon irradiation with the light of 546 
nm in wavelength. 

50 Then, light of 436 nm in wavelength was applied to the portions irradiated with the aforementioned light, to bring 

the photochromic materials into photostationary states, for measurement of absorbance values. The aforementioned 
rates Z of change were evaluated from the measured absorbance values. 

Fig. 5 shows the results. Referring to Fig. 5, the axis of ordinates represents the rates Z of change from ring- 
opening states to ring-closing states of the photochromic materials. The axis of abscissas represents mixing ratios (wt. 

55 %) of the photochromic materials to polymethacrylic acid. Further, Fig. 6 shows relations between formation ratios (%) 
of the ring-closing states converted from the ring-opening states upon irradiation with the light of 436 nm in wavelength, 
which were evaluated from the aforementioned rates Z of change, i.e., conversion yields, and the aforementioned 
mixing ratios (wt.%). 
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As understood from Fig. 5, the rates Z of change of such optical recording media are extremely smaller as compared 
with the rates Z of change (= 0.58) of the solutions. Namely, it is understood that the photochromic materials which 
are in ring-opening states are changed to ring-closing states at extremely small rates, as shown in Fig. 6. 

In general, it is expected that an optical recording medium which contains a photochromic material in a small mixing 
s ratio to a polymer having small intermolecular interaction with the photochromic material enters a state close to the 
aforementioned solution state so that the rate Z of change is increased. Referring to Fig. 5, the rate Z of change is 
increased when the mixing ratio of the photochromic material to potymethacrylic acid is not more than 3 percent by 
weight. 

It is conceived that quantum yields of change from a ring-opening state to a ring-closing state is reduced in the 
w present invention since the potymethacrylic acid employed as the polymer in this Example has strong intermolecular 
interaction with the photochromic material, and hence the rate of change is reduced. 

This is because the intermolecular interaction between the polymer and the photochromic material is conceivably 
increased since hydrogen of a carboxylic acid group contained in the polymethacrylic acid enters a state of ion disso- 
ciation or that close to ion dissociation and a large amount of charges are present in carbonyl-bonded oxygen in the 
15 carboxyl acid group. 

In other words, it is conceived that electrostatic force etc. between the polymer and the photochromic material are 
increased. 

The aforementioned photochromic material makes transition from a ring-opening state to an excited state which 
is related to a ring<losing state by light of about 430 nm in wavelength, and is thereafter converted to a ring-closing state. 
20 However, it is conceived that a reaction path for the change from the ring-opening state to the ring-closing state 

is inhibited since the aforementioned strong intermolecular interaction changes at least one of a potential energy curve 
of the aforementioned excited state or a state related to a ring-closing state, transition probability between the excited 
state and the state related to a ring-closing state, a potential energy curve which is a ground state of the ring-opening 
state and the like, and the quantum yields is reduced. 
25 Thus, the change of the photochromic material from the ring-opening state to the ring-closing state is substantially 

suppressed when the polymer has strong intermolecular interaction with the photochromic material. 

This intermolecular interaction can be increased when the polymer and/or the photochromic material has large 
polarization, polarity, resonance effect, the same is ionized. 

The aforementioned intermolecular interaction causes interaction between molecules, between molecules and 
30 ions, and between ions themselves, and produces composite compounds such as molecular compounds when such 
action is strong. 

Then, light of 546 nm in wavelength was applied to the optical recording media containing the samples Nos. A-1 
and A-2, to measure absorbance values when the media were placed on a heater which was at a desired temperature 
and irradiated with light of 436 nm in wavelength, to be brought into photostationary states. When the optical recording 

35 media reached the room temperature, absorbance values were measured similarly to the above, for evaluation of 
temperature dependency values of rates Z of change. 

Fig. 7 shows the results. Referring to Fig. 7, white circles show the results of the optical recording medium con- 
taining the sample No. A-1 , and the black circles show the results of that containing the sample No. A-2. Fig. 8 shows 
temperature dependency values of conversion yields (%) of ring-closing states converted from the ring-opening states 

40 upon irradiation with the light of 436 nm in wavelength, which were evaluated from the rates Z of change, i.e., conversion 
yields of closed-ring form. 

It is understood from Fig. 7 that the rates Z of change are increased following increase of the temperatures of the 
optical recording media. Namely, the photochromic molecules are extremely easily changed from ring-opening states 
to ring-closing states as the temperatures are increased, as understood from Fig. 8. 
45 This can be considered as follows: When the optical recording medium is heated, the environment of the photo- 

chromic molecules is so changed that the potential energy curve of the aforementioned excited state or the state related 
to the ring-closing state, the transition probability between the excited state and the state related to the ring-closing 
state, the potential energy curve, which is the ground state of the ring-opening state, and the like are brought into states 
close to those of the solution, and distribution etc. of molecules present at each energy level are changed, whereby 
50 transition between the excited state and the state related to the ring-closing state etc. are increased to increase the 
quantum efficiency of change from the ring-opening state to the ring-closing state. 

It is understood from Figs. 7 and 8 that temperature dependency of the rate of change is increased when the mixing 
ratio of the photochromic material to the polymer is small. 

Thus, it is understood that information may be recorded in the optical recording medium by applying light of 436 
55 nm in wavelength while heating the medium for bringing the photochromic material into a photostationary state, as- 
suming that the ring-opening state is used as an erased state (unrecorded state) and the photostationary stat is used 
as a recorded state, for example. 

The information can be reproduced by applying light of 436 nm in wavelength to the medium and detecting change 
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of optical properties such as absorbance with respect to this light. This light preferably has small intensity, not to heat 
the recording layer. 

The information can be easily erased by applying light of 546 nm in wavelength to the recording medium. 

According to this method, the photochromic material is easily changed from a ring-opening state to a ring-closing 
5 state in recording of information since the recording layer is heated. In reproduction of information, on the other hand, 
the photochromic material is hardly changed from a ring-opening state to a ring-closing state since the recording layer 
is not heated. 

In erasing of information, the photochromic material is easily changed from a photostationary state to a ring-opening 
state only with light. Thus, the information can be easily erased. 
10 it is understood that, when the ring-opening state of the optical recording medium is used as a recorded state and 

the photostationary state is used as an erased state (or unrecorded state), the information may be recorded by applying 
light of 546 pm in wavelength and bringing the photochromic material into a ring-opening state. At this time, the recording 
layer may not be heated. 

The information can be reproduced by applying light of 436 nm in wavelength and detecting change of optical 
is properties such as absorbance with respect to this light. This light preferably has small intensity, for a reason similar 
to the above. 

The information can be erased by applying light of 436 nm in wavelength while heating the recording layer. 
According to this method, information can be easily recorded since the photochromic material is easily changed 
from a photostationary state to a ring-opening state only with light. In reproduction of information, on the other hand, 
20 the photochromic material is hardly changed from a ring-opening state to a ring-closing state since the recording layer 
is not heated. 

In erasing of the information, the photochromic material can be easily changed from a ring-opening state to a 
photostationary state since the recording layer is heated. 

The recording layer can be heated with a laser beam or the like. This laser beam preferably has a long wavelength 
25 of 633 pm, for example, in a visible region close to an infrared region, an infrared region, or a near infrared region. 

Further, the optical recording medium may be provided with an absorption layer for absorbing the laser beam on 
a laser beam outgoing side. In the case of a reflection type optical recording medium, for example, such an absorption 
layer may be provided on a surface of the recording layer for reflecting the laser beam. Also in the case of a transmission 
type medium, the absorption layer may be provided on the surface of the recording layer for reflecting the laser beam. 
30 A heat holding layer may be provided on a surface of the recording layer. 

Alternatively, a laser beam for recording (or erasing) information or the like may be increased in intensity for re- 
cording (or erasing) information in (or from) the optical recording medium while heating the recording layer with this 
laser beam. 

In the aforementioned method of reproducing information, however, the recorded information may be destroyed. 

35 Namely, although the photochromic material is hardly changed from a ring-opening state to a ring-closing state 

when light of 436 pm in wavelength is applied to the optical recording medium with no heating for reproducing infor- 
mation, the same may be changed from a ring-closing state to a ring-opening state at a tow rate of change, to be out 
of a photostationary state. 

In order to solve this problem, the following principle may be utilized: 

40 For example, it is assumed here that the ring-opening state of the optical recording medium is used as an erased 

state and a mixed state or a photostationary state of the photochromic material, which includes ring-opening and ring- 
closing states, is used as a recorded state and light of 436 nm in wavelength, for example, is used for reproducing 
information. 

If at least a recorded portion, in which information is recorded, of the optical recording medium is heated when the 
4$ reproducing light is applied to the recorded port ton so that the photochromic material is also changed from a ring- 
opening state to a ring-closing state to balance the change from the ring-opening state to the ring-closing state and 
reverse change for maintaining the recorded portion in the same absorbance level with that in recording of the infor- 
mation while at least an erased portion, in which no information is recorded, is not heated when the aforementioned 
light is applied to the erased portion, no information is destroyed since the photochromic material is fully in a ring- 
so opening state in the erased portion and hardly changed from the ring-opening state to a ring-closing state. 

The light for heating the recording layer preferably has a long wavelength, since such long-wave light hardly causes 
chemical reaction in general, and generates heat mainly with non-radiant deactivation. 

Fig. 9 illustrates the relation between quantum yield and wavelength dependency of reaction of a 2,3-di(2,3,5-tri- 
methylthienyl) anhydride, which is a diarylethene-based photochromic material, from a ring-closing state to a ring- 
55 opening state. From this relation, it is conceived that the photochromic material of this Example also exhibits small 
quantum yield with light of 633 nm in wavelength, for example, and the light is mostly converted to heat. 

Thus, it is understood that the light of 633 nm in wavelength, which is applied as heating light, is hardly absorbed 
in an erased portion of the optical recording medium and generates no heat, whereby it is possible to suppress change 
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from a ring-opening state to a ring-closing state caused by application of the light of 436 nm in wavelength. 

On the other hand, a recorded portion of the optical recording medium absorbs the light of 633 pm in wavelength, 
whereby at least 90 % of this light is converted to heat. Thus, it is understood that th photochromic material can also 
be changed from a ring -opening state to a ring-closing state upon irradiation with light of 436 nm in wavelength. 
5 Therefor , it is possible to perform a nondestructiv readout operation by applying the light of 436 pm in wavel ngth 

and that of 633 nm in wavelength, for example, and detecting change of optical properties such as absorbance. 

Information can be recorded by applying the light of 436 nm in wavelength while appropriately setting the amount 
of irradiation, intensity, the irradiation time and the like, information can also be recorded by simultaneously applying 
the light of 436 pm in wavelength and that of 633 nm in wavelength while appropriately setting the amounts of irradiation 
to respectively. 

The information can be erased by applying light of 546 nm in wavelength, for example. The information can also 
be erased by simultaneously applying the light of 546 nm in wavelength and that of 633 nm in wavelength. Further, 
the information can be erased by applying only the light of 633 nm in wavelength while appropriately setting the amount 
of irradiation and the like. 

is (n order to reproduce the information, the light of 436 nm in wavelength preferably has small intensity, since the 

temperature is increased if the light has strong intensity. 

The polymer contained in the optical recording medium is preferably not heated by the heating light nor the light 
of 436 nm in wavelength. 

An experiment which was made in relation to recording/reproduction is now described. 

20 

Example 1 

10 parts by weight of a polymer prepared from the polymeth acrylic acid shown in Fig. 3, having mean molecular 
weight of about 20000, and 0.1 part by weight of a photochromic material prepared from the 2,3-bis(2-methyl-benzo 
25 fbJthiophene-3-yl) maleic anhydride shown in Fig. 1 were dissolved in 100 parts by weight of methyl cellosolve, serving 
as a solvent, to prepare a mixed solution. 

Then, this mixed solution was applied onto a glass substrate by cast coating, to prepare a film of 30 nm in thickness 
for serving as a recording layer. 

Then, Si0 2 was vapor<ieposited on the film to form a protective coat of 1400 A in thickness, thereby forming an 
30 optical recording medium. 

Light of 546 nm in wavelength was applied to this optical recording medium to entirety bring the photochromic 
material into a ring-opening state (erased state), to obtain an absorbance curve a shown in Fig. 10. 

Then, light of 436 nm in wavelength was applied to the optical recording medium, the temperature of which was 
raised up to 1 80°C, for a prescribed period so that absorbance of the optical recording medium at a wavelength of 544 
35 nm was about 80 % (recorded state) of absorbance at the temperature of 1 80°C in a photostationary state of the optical 
recording medium, to obtain an absorbance curve b shown in Fig. 10. An absorbance curve d was obtained in the 
photostationary state at the temperature of 180°C. 

Then, light of 436 nm in wavelength having intensity of 0.1 mW/cm 2 and that of 633 nm in wavelength having 
intensity of 1.0 mW/cm 2 were applied to the optical recording medium at the ordinary temperature for reproducing 
40 information, to obtain an absorbance curve c shown in Fig. 10. 

It is understood from Fig. 10 that absorbance approximate to that in information recording is also obtained after 
reproduction of the information. Background noise appearing in Fig. 10 was caused by the substrate etc. 

Thus, it is possible to perform a nondestructive readout operation by previously controlling the levels of intensity 
and time of irradiation, the heating temperature and the like so that absorbance in information recording is preferably 
45 coincident with that in information reproduction. 

It is also understood from the above experiment of recording/reproduction that a nondestructive readout operation 
can be performed similarly to the above also when a ring-opening state of the optical recording medium is used as a 
recorded state and a mixed state or a photostationary state of the photochromic material, which includes ring-opening 
and ring-closing states, is used as an erased state (unrecorded state) for reproducing information with the light of 436 
50 nm in wavelength, for example. 

Namely, if at least a recorded portion, in which information is recorded, is not heated when the light is applied 
thereto, the recorded portion, in which the photochromic material is fully in a ring-opening state, is hardly changed from 
the ring-opening state to a ring-closing state. When the reproducing light is applied to an unrecorded portion (erased 
portion) of the optical recording medium, on the other hand, at least this erased portion is heated so that the photo- 
55 chromic material is changed from a ring-opening state to a ring-closing state thereby balancing the change from the 
ring-opening state to a ring-closing state with reverse change. Thus, the erased portion is maintained in the same 
absorbance as that in the unrecorded/erased state. 

Information can be recorded by applying light of 546 nm in wavelength, for example. Information can also be 
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recorded by simultaneously applying the light of 546 nm in wavelength and that of 633 nm in wavelength. Further, 
information can be recorded by applying the light of 633 nm in wavelength while appropriately setting the amount of 
irradiation. 

The information can be erased by applying light of 436 nm in wavelength, for example, in a heated state for a 
s prescribed period. The information can also be erased by applying light of 436 nm in wavelength, for example, having 
strong intensity while appropriately setting the amount of irradiation. Further, the information can be erased by simul- 
taneously applying the light of 436 nm in wavelength and that of 633 nm in wavelength. 

In order to reproduce information, the light of 436 nm in wavelength preferably has small intensity. 

The polymer contained in the optical recording medium is preferably not heated by the heating light nor the light 
w of 436 nm in wavelength. 

When long-wave light is applied to appropriately heat the recording layer for reproducing information, the optical 
recording medium preferably has no absorption in a ring-opening state at the long wavelength of the light, large ab- 
sorption in a ring-closing state, and small reaction (quantum yield) from the ring-closing state to the ring-opening state. 

An experiment which was made in relation to reproduction repetition durability is now described. 
is Fjg. 1 1 schematically illustrates an optical system which was employed for this experiment Referring to Fig. 11 , a 

reflection type optical recording medium 1 is set in the optical system comprising an Ar laser 2a which outputs a linearly 
polarized pulse laser beam of 458 nm in wavelength and an He-Ne laser 2b which outputs a linearly polarized pulse 
laser beam of 633 nm in wavelength. 

The laser beam outputted from the Ar laser 2a is converted by a collimator lens 3a to a parallel beam, transmitted 
20 through a polarized beam splitter 4a as P-polarized light and converted to a circularly polarized light beam by a quarter- 
wave plate 5a. Thereafter the laser beam is totally reflected by a half mirror 6a, and converged on a recording layer 
1a of the optical recording medium 1 through an objective lens 7. The laser beam converged on the recording layer 
1a is reflected by a reflective layer 1b and again transmitted through the objective lens 7, to be further reflected by the 
half mirror 6a, which reflects only the light of 458 nm in wavelength. Thereafter the laser beam is again converted to 
25 a linearly polarized light beam by the quarter-wave plate 5a and introduced into the polarized beam splitter 4a as S- 
polarized light, and thereafter received by a photosensor 9a through a lens 8a. Thus, the light of 458 nm in wavelength 
is applied to the optical recording medium 1 , and the reflectance of the optical recording medium 1 is measured by the 
photosensor 9a. 

On the other hand, the laser beam outputted from the He-Ne laser 2b is converted by a collimator lens 3b to a 
30 parallel beam, transmitted through a polarized beam splitter 4b as P-polarized light, and thereafter converted to a 
circularly polarized light beam by a quarter-wave plate 5b. Thereafter the laser beam is totally reflected by a half mirror 
6b, transmitted through the half mirror 6a, and then converged on the recording layer 1 a of the optical recording medium 
1 through the objective lens 7, similarly to the above. The laser beam converged on the recording layer 1a is reflected 
by the reflective layer 1b, again transmitted through the objective lens 7 and the half mirror 6a, to be reflected by the 
35 half mirror 6b, which reflects only the light of 633 nm in wavelength. Thereafter the laser beam is again converted to 
a linearly polarized light beam by the quarter-wave plate 5b and introduced into the polarized beam splitter 4b as S- 
polarized light, and thereafter received by a photosensor 9b through a lens 8b. Thus, the light of 633 nm in wavelength 
is applied to the optical recording medium 1 , and reflectance of the optical recording medium 1 is measured by the 
photosensor 9b. 

40 The laser beams of 458 nm and 633 nm in wavelength are so set that the spots thereof are applied to the same 

portion, with spot diameters of 2 to 3 nm respectively. Another optical system (not shown) is provided for observation 
of the medium 1 and the spot states. 

In order to form the optical recording medium 1,10 parts by weight of a polymer prepared from the polymethacrylic 
acid shown in Fig. 3 having mean molecular weight of about 20000 and 0.1 part by weight of a photochromic material 

45 prepared from the 2,3-bis(2-methyl-benzo[bJthiophene-3-yl) maleic anhydride shown in Fig. 1 were dissolved in 100 
parts by weight of methyl cellosolve, serving as a solvent, to prepare a mixed solution. Then the mixed solution was 
applied onto the reflective layer 1 b, which was formed by vapor-depositing an A€ film of 1 500 A in thickness on a glass 
substrate, by cast coating and drying the same, thereby forming a film of 30 ujti in thickness for serving as the recording 
layer 1a. It is assumed here that a portion, in which the photochromic material is fully in a ring-opening state, of this 

50 optical recording medium 1 is an erased portion (unrecorded portion). 
Fig. 12 shows the results of the following experiments 1 to 3: 

In experiment 1, a pulse laser beam (power: 0.075 mW, irradiation time: 10 \is) of 458 nm in wavelength and 
another pulse laser beam (power: 0.5 mW, irradiation time: 10 us) of 633 nm in wavelength were simultaneously applied 
to the same unrecorded portion of the optical recording medium 1 , and reflectance of the laser beam of 633 nm in 
55 wavelength was measured. The value measured at the start was assumed to be 100 %. Referring to Fig. 12, white 
circles show the results of this operation which was repeated at intervals of 10 ms. 

In experiment 2, a pulse laser beam (power: 0.3 mW, irradiation time: 0.1 us) of 458 nm in wavelength was applied 
to an unrecorded portion of the optical recording medium 1 to record information, and an operation similar to that of 



10 



EP 0 488 153 B1 



experiment 1 was made on this recorded portion. Referring to Fig. 12, black circles show the results. 

In xperim nt 3, a pulse laser beam (power: 0.3 mW, irradiation time: 0. 1 u.s) of 458 nm in wavelength was applied 
to an unrecorded portion of the optical recording medium 1 to record information, and then another pulse laser beam 
(power: 0.5 mW, irradiation time: 1 0 |is) of 633 nm in wavelength was applied to the said recorded portion of the optical 
5 recording m dium 1 , for measurement of reflectance in relation to the laser beam of 633 nm in wavelength. Then, th 
laser beam of 633 nm in wavelength was repeatedly applied at intervals of 1 0 ms. Referring to Fig. 1 2, black triangles 
show the results. 

It is understood from Fig. 1 2 that the reflectance of the recorded portion is inevitably changed to destroy the infor- 
mation when only the laser beam of 633 nm in wavelength is applied and the reflectance is repeatedly measured to 
10 reproduce the information. It is also understood that the reflectance values of the unrecorded and recorded portions 
substantially remain in the initial states when the laser beams of 458 nm and 633 nm in wavelength are simultaneously 
applied and reflectance values are repeatedly measured to reproduce the information. Thus, it is possible to perform 
a nondestructive readout operation. 

Example 2 is now described. 

is Optical recording media according to this Example were prepared to contain the photochromic material which was 

employed in Example 1 and polystyrene (hereinafter referred to as PS), whose structural formula is shown in Fig. 1 3, 
having mean molecular weight of about 20000. 

Fig. 1 4 shows compositions of samples Nos. B-1 to B-8, each of which was prepared by dissolving the photochromic 
material and polystyrene in 100 g of cyclohexanone, serving as a solvent. Each sample was applied onto a glass 

20 substrate by spin coating at a speed of 700 r.p.m., and then the solvent was evaporated to form a recording layer. 

In a similar manner to Example 1, relations were obtained as to conversion yields (%) of ring-closing states con- 
verted from ring-opening states upon irradiation with light of 436 nm in wavelength and mixing ratios (wt.%) of the 
photochromic material with respect to polystyrene. Fig. 15 shows the results. Referring to Fig. 15, the axis of ordinates 
represent the conversion yields (%) of the ring-closing states, and the axis of abscissas represents the mixing ratios 

25 (wt.%). Fig. 1 6 shows relations between rates Z of change and the mixing ratios. It is understood from Fig. 16 that the 
rates Z of change are abruptly increased when the mixing ratios are less than 10 percent by weight. 

The conversion yields of the ring-closing states are increased as compared with the case of the polymethacrylic 
acid as shown in Fig. 15, conceivably because interaction between the photochromic material and the polymer is small. 
Also in a similar manner to Example 1 , relations were obtained as to the conversion yields (%) of the ring-closing 

30 states converted from the ring-opening states upon irradiation with the light of 436 nm in wavelength and temperatures 
(°C). Fig. 17 shows the results. Referring to Fig. 17, the axis of ordinates represents the conversion yields (%) of the 
ring-closing states, and the axis of abscissas represents the temperatures (°C). Fig. 18 shows absorbance character- 
istics of photostationary states of an optical recording medium, which was formed using the sample No. b-7, at 20°C 
and 140 6 C. 

35 it is understood from Figs. 17 and 18 that the optical recording media containing the photochromic material and 

polystyrene have remarkable temperature dependency characteristics. Thus, it is understood that a nondestructive 
readout operation can be performed in a similar manner to Example 1 . 

A method of performing a nondestructive readout operation is now described. It is assumed here that a ring-opening 
state is used as an unrecorded/erased state, and a mixed state (or photostationary state) is used as a recorded state. 

40 Information can be recorded in a similar manner to Example 1 . In order to reproduce the information, however, it 

is necessary to further control power levels, wavelengths and the like of light of 436 nm in wavelength and heating light 
of 633 nm in wavelength, for example, since a ring-opening state of the optica! recording medium is relatively easily 
changed to a ring-closing state upon irradiation with the light of 436 nm in wavelength, for example, also at the room 
temperature. 

45 in order to reproduce the information, two light beams of different wavelengths, i.e., light of a specific wavelength 

of 436 nm, for example, for causing reaction and heating light of 633 in wavelength, for example, are applied to the 
optical recording medium similarly to Example 1 , and reflected light, for example, of one of the two light beams is 
detected. The wavelengths, intensity levels and the like of the two light beams of different wavelengths may be so set 
that conversion yields of a ring-opening state converted from a ring-closing state is equal to or greater than that of a 

so ring-closing state converted from a ring-opening state when the two light beams are applied to an erased portion while 
such formation ratios of the ring-opening state and the ring-closing state are equal to each other at a prescribed tem- 
perature caused since a recorded portion has absorption when the light beams are applied to the recorded portion. 

It is clearly understood from the above description that information can be reproduced in a simitar manner to the 
above also when a ring-opening state of the optical recording medium is used as a recorded state and a mixed state 

& or a photostationary state of the photochromic material, which includes ring-opening and ring-closing states, is used 
as an erased state. 

Example 3 is now described. 

Optical recording media according to this Example were prepared to contain the photochromic material which was 
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employed in Example 1 and a styrene-methyl methacn/late copolymer (hereinafter referred to SMMA), whose structural 
formula is shown in Fig. 19, having mean molecular weight of about 15000. 

Fig. 20 shows compositions of samples Nos. C-1 to C-6, each of which was prepared by dissolving the photochro- 
mic material and styrene-methyl methacrylate copolymer in 1 00 g of cyclohexanone, serving as a solvent. Each sampl 
s was applied onto a glass substrate by spin coating at a speed of 700 r.p.m., and then the solvent was vaporated to 
form a recording layer. 

In a similar manner to Example 1 , relations were obtained as to conversion yields (%) of ring<losing states con- 
verted from ring-opening states upon irradiation with light of 436 nm in wavelength and the mixing ratios (wt.%) of the 
photochromic materials to the styrene-methyl methacrylate copolymers. Fig. 21 shows the results. Referring to Fig. 
10 21, the axis of ordinates represents the conversion yields (%) of the ring-closing states, and the axis of abscissas 
represents the mixing ratios (wt.%). Fig. 22 shows relations between rates Z of change and the mixing ratios. It is 
understood from Fig. 22 that the rates Z of change are abruptly increased when the mixing ratios are less than 10 
percent by weight. 

The conversion yields of the ring-closing states are increased as compared with the case of the polymethacrylic 
15 acid as shown in Fig. 21 , conceivably because the interaction between the photochromic material and the polymer is 
small. 

Also in a similar manner to Example 1, a relation was obtained, using an optical recording medium which was 
prepared by the sample No. C-5, as to the conversion yields (%) of the ring-closing state converted from the ring- 
opening state upon irradiation with light of 436 nm in wavelength and temperatures (°C). Fig. 23 shows the result. 
20 Referring to Fig. 23, the axis of ordinates represents the conversion yields (%) of the ring-closing state, and the axis 
of abscissas represents the temperatures (°C). 

It is understood from Fig. 23 that an optical recording medium containing the photochromic material and the styrene- 
methyl methacrylate copolymer has remarkable temperature dependency. Thus, it is understood that a nondestructive 
readout operation can be performed in a similar manner to Example 2. 
25 Example 4 is now described. 

The photochromic material employed in Example 1 and a polymer containing an aryl group, which was prepared 
from polycarbonate (hereinafter referred to as PC), whose structural formula is shown in Fig. 24, having mean molecular 
weight of about 20000 were dissolved in 100 m€ of dioxane, serving as a solvent, to prepare samples (solutions) Nos. 
D-1 to D-6 shown in Fig. 25. 

30 Similarly to Example 1 , each sample was applied onto a glass substrate by spin coating at a speed of 700 r.p.m., 

and thereafter the solvent was evaporated to form a recording layer, thereby preparing a recording medium. 

Then, laser beams of 546 nm in wavelength were applied to the recording layers of the samples Nos. D-1 to D-6 
to bring the photochromic materials fully into states A, which were ground states, and absorbance values were meas- 
ured. Thereafter beams of 436 nm in wavelength were applied to the portions irradiated with the aforementioned laser 
35 beams to convert the same to photostationary states, and absorbance values were measured. Rates Z of change were 
evaluated from the measured values. 

Fig. 26 shows the results. Referring to Fig. 26, the axis of ordinates represents the rates Z of change from the 
states A to states B of the photochromic compounds, while the axis of abscissas represents mixing ratios (wt.%) of 
the photochromic compounds to polycarbonate. 
40 As understood from Fig. 26, the rates of change from the states A to the states B of the photochromic compounds 

are abruptly increased by irradiation with the light of 436 nm in wavelength when the mixing ratios are not more than 
10 percent by weight, similarly to Example 1. 

Thus, information recording/reproducing efficiency is improved in a recording medium having a recording layer 
which contains the photochromic compound in a mixing ratio of not more than 10 percent by weight with respect to 
45 polycarbonate. 

Example 5 is now described. 

The photochromic compound employed in each of Examples 1 to 4 was replaced by a 2,3-di(2,3,5-trimethytthienyl) 
maleic anhydride, whose reaction formula is shown in Fig. 27. This photochromic compound and the same polystyrene 
as that in Example 2 were dissolved in 100 mi of cyclohexanone, serving as a solvent, to prepare samples (solutions) 
50 Nos. E-1 to E-6 shown in Fig. 28. 

Similarly to Example 2, each sample was applied onto a glass substrate by spin coating at a speed of 700 r.p.m., 
and thereafter the solvent was evaporated to form a recording layer, thereby preparing a recording medium. 

Then, laser beams of 546 nm in wavelength were applied to the recording layers of the samples Nos. E-1 to E-6 
to bring the photochromic compounds fully into states A, which are ground states, and absorbance values were meas- 
55 ured. Then, light beams of 436 nm in wavelength were applied to the portions irradiated with the aforementioned laser 
beams to bring the same into photostationary states, and absorbance values were measured. Rates Z of change wer 
evaluated from the measured values. The rates Z of change were not those at the peaks of the absorbanc values, 
but evaluated through conversion. 
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Fig. 29 shows the results. Referring to Fig. 29, the axis of ordinates represents the rates Z of change from the 
states A to states B of the photochromic compounds, while the axis of abscissas represents mixing ratios (wt.%) of 
the photochromic compounds to polystyrene. 

As understood from Fig. 29, the rates of change of the photochromic compounds from th states A to the states 
5 B are abruptly increased by irradiation with the light of 436 nm in wavelength when the mixing ratios are not more than 
10 percent by weight, similarly to Example 1 . 

Thus, information recording/reproducing efficiency is improved in a recording medium having a recording layer 
which contains the photochromic compound in a mixing ratio of not more than 10 percent by weight with respect to the 
polystyrene. 

10 According to Examples 1 to 5, it is confirmed that photochromic reaction is hardly caused when the mixing ratio 

of the photochromic compound to the polymer is at least 20 percent by weight, even if light of a wavelength which is 
absorbed by the photochromic compound is applied. In order to optically record information in the inventive optical 
recording medium, therefore, the mixing ratio of the photochromic compound to the polymer must be less than 20 
percent by weight. 

*5 As shown in Examples 1 to 5, an optical recording medium containing a diarylethene derivative having at least 

one thiophene ring and a polymer has temperature dependency in the rate of change from a ring-opening state to a 
ring-closing state. The rate of change is increased as the temperature is increased and the mixing ratio of the dia- 
rylethene derivative to the polymer is reduced, particularly to about 1 percent by weight. Therefore, it is possible to 
improve sensitivity of information recording/reproduction by increasing the temperature and reducing the mixing ratio. 

20 The ring-closing state can be easily converted to a ring-opening state by irradiation with light of a prescribed 
wavelength, which is absorbed not in the ring-opening state but in the ring-closing state. Thus, it is possible to easily 
record, reproduce or erase information. 

In the photostationary state, the mixing ratio of a ring-closing state to a ring-opening state is varied with tempera- 
tures. Thus, this mixed state can be used as a recorded or erased state. The temperatures can be adjusted simulta- 

2$ neously with photochemical reaction, by appropriately selecting light of a band absorbed by the ring-opening state, 
adjusting the amount of irradiation and applying this light. Further, the mixed state can be formed by application of the 
light, without employing a photostationary state at each temperature. 

Since ton g- wave light which is absorbed not in a ring-opening state but in a ring-closing state is converted to heat 
at a high rate, a nondestructive readout operation can be performed by applying this light and light of a prescribed 

30 wavelength. 

The principle for enabling recording, reproduction or erasing at a high speed is now described in relation to the 
aforementioned optical recording medium having temperature dependency. 

The aforementioned optical recording medium, which causes photochemical reaction upon irradiation with light of 
a specific wavelength when the same is at a prescribed temperature, is previously set at the prescribed temperature 
os so that setting of the prescribed temperature brings no rate-determining step which causes photochemical reaction. 
This principle is described with reference to a nondestructive readout operation which is performed through the optical 
recording medium, assuming that the ring-closing state is used as an erased state. 

In order to reproduce information, the overall optical recording medium or a portion for reproducing information 
may be appropriately previously set at a prescribed temperature in response to a recorded portion and an erased 
40 portion (unrecorded portion) before light of 436 nm in wavelength, for example, is applied. 

When the light of 436 nm in wavelength as well as that of 633 nm in wavelength are applied for reproducing 
information (nondestructive readout), it is possible to heat the recorded portion to the prescribed temperature with the 
light of 633 nm in wavelength. Since it is possible to make the erased portion not heated, the spot of the light of 436 
nm in wavelength may be provided within that of the light of 633 nm in wavelength. In this case, a region for reproducing 
45 the information is substantially identical in size to the spot of the light of 436 nm in wavelength. 

If the sizes of the aforementioned spots are reversed, setting of the prescribed temperature brings a rate-deter- 
mining step which causes photochemical reaction, although the region for reproducing the information is substantially 
identical in size to the spot of the light of 633 nm in wavelength. 

This also applies to a case where the ring-opening state of the optical recording medium is used as a recorded 
50 state and a mixed state of ring-opening and ring-closing states is used as an erased state. Information can also be 
appropriately recorded or erased by a similar method. In an optical system for such operations, one of the aforemen- 
tioned two light beams may be passed through a larger number of lenses etc. than the other beam, to be applied to 
the optical recording medium. 

The method of enabling high -density recording is now described in relation to the aforementioned optical recording 
55 medium having temperature dependency. 

When heating light for bringing the optical recording medium to a prescribed temperature and the aforementioned 
light of a specific wavelength for causing photochemical reaction are so simultaneously applied that respective spots 
A and B are partially overlapped with each other as shown in Fig. 30, photochemical reaction is caused only in the 
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overlapped portion ot the spots A and B. Thus, It is possible to extremely reduce the size of th portion where the 
photochemical reaction is caused by reducing the overlapped portion of the spots A and B, regardless of the spot 
diameters. 

While either the spot A of the heating light or the spot B of the light of a specific wavelength may precede, it is 
s preferable that the spot B takes the precedence of the spot A and intensity of the heating light is increased to bring the 
optical recording medium into the prescribed temperature in a short period. If the spots A and B are reversed in order, 
photochemical reaction may also be caused in a portion other than the overlapped portion of the spots A and B, since 
a region of the prescribed temperature remains by heating with the spot of the heating light. The spots A and B may 
be overlapped with each other perpendicularly to the direction of movement of the optical recording medium as shown 
io in Fig. 31 , and a direction for overlapping the spots A and B can be appropriately changed. 

A method of implementing high<tensity recording without overlapping the spot A of the heating light with the spot 
B of the light of the specific wavelength is now described with reference to Fig. 32. 

Since the reaction time of thermal reaction caused by non-radiation deactivation or the like is longer than that of 
optical reaction, it is possible to control power etc. of heating light to bring a region C irradiated with a spot A of the 
is heating light to a prescribed temperature, thereby causing photochemical reaction only in a region where the region 
C is overlapped with a spot B of light of a specific wavelength. 

Thus, it is possible to extremely reduce the size of a portion where photochemical reaction is caused by reducing 
the size of the overlapped portion of the region of the prescribed temperature and the spot of the light of the specific 
wavelength. Since the spot of the heating light takes the precedence of that of the light of the specific wavelength to 
20 previously bring the portion where photochemical reaction is caused to a prescribed temperature, setting of the pre- 
scribed temperature brings no rate-determining step causing photochemical reaction. Thus, information can be record- 
ed, reproduced or erased at a high speed. 

The method attained a remarkable effect particularly when the same was applied to the aforementioned optical 
recording medium. 

25 Since the optical recording medium can be heated to a prescribed temperature by irradiation with the light of 633 

nm in wavelength, for example, information can be recorded by applying the light of 436 nm in wavelength to the 
medium for causing photochemical reaction from a ringopening state to a mixed state, while the information can be 
reproduced (non-destructive readout) by irradiation with the light of 436 nm in wavelength as well as the light of 633 
nm in wavelength, for example. This also applies to a case where a ring-opening state of the optical recording medium 

30 js used as a recorded state and a mixed state is used as an erased state. 

An apparatus for reproducing information from the optical recording medium having temperature dependency may 
comprise at least a light source, such as a laser or a light emitting diode, for outputting light of the aforementioned 
wavelength for heating, another light source, such as a laser, for outputting light of a specific wavelength, a photosensor, 
and the like. Since the temperature of the optical recording medium is varied with temperature change of the environ- 

35 rnent, it is necessary to appropriately change optimum temperatures of the heating light and the light of the specific 
wavelength. Thus, it is preferable to provide a temperature sensor for controlling the light outputted from each light 
source in response to a signal from this sensor. 

Fig. 33 shows an embodiment of a recording/reproducing apparatus for recording, reproducing or erasing infor- 
mation in, from or from an optical recording medium 101 having temperature dependency. 

40 This apparatus comprises an Ar laser 30a for outputting a beam of 458 nm in wavelength, and an He-Ne laser 

30b for outputting a beam of 633 nm in wavelength. Each laser has a circuit (not shown) whose output is appropriately 
set in response to recording, reproduction or erasing of information. 

The laser beam outputted from the Ar laser 30a is controlled to prescribed power by a power control unit 31a and 
expanded by a beam expander 32a, to be introduced into a dichroic mirror 35. 

45 On the other hand, the laser beam outputted from the He-Ne laser 30 is similarly controlled to prescribed power 

by a power control unit 31 b and expanded by a beam expander 34b, to be totally transmitted through a polarized beam 
splitter 40 as P -polarized light. Thereafter the laser beam is converted to a circularly polarized light beam by a quarter- 
wave plate 45, and introduced into the dichroic mirror 35. 

The dichroic mirror 35 is adapted to totally reflect light of about 458 nm in wavelength, while totally transmitting 

5o light of about 633 nm in wavelength. The two laser beams outgoing from the dichroic mirror 35 are so set that the 
optical axes thereof are coincident to each other, and applied onto the optical recording medium 101 as the same spot 
through an objective lens 50. 

Information is recorded by applying only the beam of 458 nm in wavelength, or both beams of 458 nm and 633 
nm in wavelength to the optical recording medium 101 . 

55 The information is reproduced by simultaneously applying the beams of 458 nm and 633 nm in wavelength to the 

optical recording medium 101 and detecting change of reflectance of the beam of 633 nm in wavelength reflected by 
the optical recording medium 101. The beam of 633 nm in wavelength reflected by the optical recording medium 101 
is again transmitted through the objective lens 50 and the dichroic mirror 35. Then the beam is converted to a lin arty 
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polarized light beam by the quarter-wave plate 45, introduced into the polarized beam splitter 40 as S-polarized light, 
and reflected by the polarized beam splitter 40. Thereafter the beam reaches a photodetector 60 through a lens 55, 
to provide a reproduction output. 

A non-contact temperature sensor 65 outputs a signal which is based on an environmental temperature around 

s the medium 101, so that a reproduction power control circuit 70 drives the power control units 31a and 31b on the 
basis of this signal for controlling power levels of the laser beams. The power control units 31a and 31b are formed by 
combining Faraday rotators or electro-optic elements (EO elements) with polarizers, for example. Alternative ty, no such 
power control units 31a and 31b may be provided but the outputs of the lasers 30a and 30b may be directly controlled 
on the basis of the signal from the non-contact temperature sensor 65. 

10 Although the change of the reflectance of the beam of 633 nm in wavelength is detected in order to reproduce the 

information, that in the beam of 436 nm in wavelength may alternatively be detected. 

The wavelengths of the light beams for recording, reproducing and erasing the information and heating the optical 
recording medium are not restricted to the aforementioned values, but other wavelengths may alternatively be em- 
ployed. 

15 Although the aforementioned apparatus is provided with two lasers, two beams of different wavelengths may al- 

ternatively be obtained using a laser and a wavelength converter such as an SHG element. 

A principle of performing multilevel recording of information is now described in relation to the aforementioned 
nondestructive readout method. An optical recording medium herein employed is identical to that used for the repro- 
duction repetition durability test of Example 1 , and it is assumed that a ring-opening state is used as an erased state 
20 while a mixed state is used as a recorded state. 

When light of a specific wavelength of about 450 nm, for example, is applied to the optical recording medium for 
partially converting a ring-opening state to a ring-closing state thereby forming a mixed state, it is possible to form 
mixed states having mixed states having different ratios of ring-opening and ring-closing states for performing multilevel 
recording of information by controlling the temperature and/or the amount of irradiation of the light. Particularly since 
25 there are photostationary states which are specific to respective temperatures, it is preferable to appropriately bring 
the optical recording medium to a prescribed temperature for forming photostationary states (mixed states) having 
different ratios of ring-opening and ring-closing states by applying light of around 450 nm in wavelength. In order to 
set the prescribed temperature, further, it is preferable to appropriately change the amount of irradiation of the light. 
The amount of irradiation of the light can be appropriately varied with intensity of the light, the irradiation time and the 
30 like. Alternatively, another light of 600 nm in wavelength, for example, may be applied in order tocontrol the temperature. 

When heating light of about 600 nm in wavelength is applied to the optical recording medium, for example, sub- 
stantially no heat is generated in the erased portion but the light is converted to heat in the recorded portion, as described 
above. The amounts of generated heat are varied in the recorded portion since mixed states, i.e., absorbance values 
are varied in response to multiple levels of information. Namely, since the temperature of the recorded portion is in- 
35 creased as absorbance at the wavelength of the heating light is increased, the rate of change from a ringopening state 
to a ring-closing state by irradiation with the light of the specific wavelength is increased. 

When the wavelengths and/or amounts of irradiation of the light of a specific wavelength and the heating light are 
appropriately set for reproducing information by application of the light of the specific wavelength and the heating light, 
it is possible to balance the change from the ring-opening state to the ring-closing state in each mixed state and reverse 
40 reaction in the recorded portion. Further, the erased portion is not changed from a ring-opening state to a ring-closing 
state since no temperature is increased. Thus, no information is destroyed also in multilevel recording of the information. 

The information can be erased by appropriately setting the amount of irradiation of the heating light. 

This also applies to a case where the ring-opening state of the optical recording medium is used as a recorded 
state and a mixed state or a photostationary state of the photochromic material, which includes ring-opening and ring- 
45 closing states, is used as an erased state for reproducing information, as clearly understood from the above description. 

An experiment of multilevel recording was made using a recording beam of 458 nm in wavelength, which outputted 
from an Ar laser, and a heating beam of 633 nm in wavelength; which was outputted from an He-Ne laser. The beams 
were set to have spot diameters of 2 to 3 u/n respectively. A ring-opening state of the optical recording medium was 
used as an erased state. 

50 First, reflectance of an erased portion was measured with the beam of 633 nm in wavelength (intensity: 0.5 mW, 

irradiation time: 10 us). Assuming that this reflectance is 100 %, that with the beam of 633 nm in wavelength (intensity: 
0.5 mW, irradiation time: 10 us) after irradiation with the beam of 458 nm in wavelength (intensity: 0.3 mW, irradiation 
time: 0.1 us) at a room temperature of 20° C was 90 %. 

Then, the intensity of the beam of 458 nm in wavelength was changed to record information, thereby forming 

5S recorded portions of 92 %, 95 %. 97 % and 98.5 % in reflectance of the beam of 633 nm in wavelength (intensity: 0.5 
mW, irradiation time: 10 us). 

Thereafter the beam of 458 nm in wavelength (intensity: 0.075 mW, irradiation time: 10 us) and th beam of 633 
nm in wavelength (intensity: 0.5 mW, irradiation time: 10 us) were simultaneously applied to the optical recording 
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medium to reproduce the information from the respective recorded portions and the erased portion. While such repro- 
duction was repeated, reflectance values of the respective recorded portions and the erased portion were hardly 
changed. Thus, it was possible to perform excellent multilevel recording and reproduction of the information. 

Such multilevel recording and reproduction can be easily performed also when the aforementioned recorded and 

s erased states are reversed. 

The optical recording medium is not restricted to that employed in Example 1 , but those employed in Examples 2 
and 3 can also be used for performing multilevel recording and reproduction. In an optical recording medium which 
causes reversible reaction between states A and B, it is possible to perform multilevel recording and reproduction with 
a similar principle if at least one of reaction to the state A and that to the state B has temperature dependency while 

10 a prescribed wavelength region of one of the states A and B has absolutely (or substantially) no absorption to cause 
absolutely (or substantially) no reaction between the states in the said wavelength region. 

It is possible to record or reproduce information in or from such an optical recording medium in high density with 
a laser beam, since a recording or reproducing pit diameter which is in temperature distribution efficiently facilitating 
photochemical reaction by irradiation with the laser beam is smaller than the spot diameter of the beam, as shown in 

15 Fig. 34.. 

In the aforementioned Example, the wavelengths of the light for recording, reproducing and erasing information 
and the heating light are not restricted to the aforementioned values but other wavelengths may also be employed, 
while light sources may be formed by lasers or the like. The information can be recorded, reproduced or erased in, 
from or from the optical system shown in Fig. 33, for example. The optical recording medium may be of either a reflection 
20 type or a transmission type, and may be applied to either an optical tape or an optical disk. Further, the information 
can be recorded or reproduced through other optical properties such as optical rotatory power, birefringence, a refrac- 
tive index and the like. 

The optical recording medium having temperature dependency may be provided with the aforementioned proper- 
ties, while a nondestructive readout operation can be performed also when the medium contains a photochromic ma- 

25 terial which causes reversible reaction, such as geometrical isomerization reaction, tautomerization reaction, cycliza- 
tion adding reaction, dissociation reaction, dissociative ring-opening reaction, oxidation-reduction reaction, oxygen 
adding reaction, radical reaction or the like, between the states A and B, if the same has the aforementioned temperature 
dependency. The optical recording medium may be either of a reflection type or a transmission type, and may be 
applied to either an optical tape or an optical disk. Further, the information may be recorded or reproduced through 

30 other optical properties such as optical rotatory power, birefringence, a refractive index and the like. The recording 
layer is preferably provided on its surface with a protective coat of resin such as polyvinyl alcohol, in order to intercept 
oxygen and the like for preventing the recording layer from deterioration. 

The photochromic material employed in the present invention is not restricted to those employed in the aforemen- 
tioned Examples. For example, the photochromic material may have another substituent. Further, the photochromic 

35 material may be prepared from another diary lethene derivative such as that shown in Fig. 24, 25 or 26. A diary lethene 
derivative containing a benzothiophene ring is particularly effective. Further, a diarylethene derivative containing an 
acid anhydride is effective. It is also possible to use a thermally stable photochromic material which is not a diarylethene 
derivative. 

Fig. 39 shows a structural formula of a diarylethene derivative having an indole ring and a thiophene ring. Fig. 40 
40 shows absorbance characteristics of this photochromic material. Ring-opening and ring-closing states of this photo- 
chromic compound are so stable that the same are hardly changed by heat. 

This photochromic material has absorption in a waveband longer by about 50 nm as compared with the photo- 
chromic materials of the aforementioned Examples. An optical recording medium having sensitivity in a longer wave- 
band can be obtained by employing such a photochromic material. 
45 Example 6 is now described. 

The photochromic material shown in Fig. 39 was dissolved in cyclohexanone, serving as a solvent, with polystyrene 
having mean molecular weight of 20000, to prepare samples Nos. F-1 to F-3 shown in Fig. 41. 

The samples Nos. F-1 to F-3 were applied onto glass substrates by solution casting respectively, and thereafter 
the solvents were evaporated to form recording layers, thereby preparing optical recording media. 
50 Light of 600 nm in wavelength was applied to the recording layers of these optical recording media to entirely bring 

the same into ring-opening states, and absorbance values were measured. Then, light of 480 nm in wavelength was 
applied to the portions irradiated with the light, to bring the same into photostationary states, and thereafter absorbance 
values were measured, to calculate conversion yields of closed-ring forms. This calculation was made through the 
following expression: 

£5 

Z = C B /C o x100 
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where C 0 is equal to E^, and C B is equal to 

C 0 represents initial concentration (motf 1 ) in a 1 00 % ring-opening state, C B represents closed-ring form concen- 
tration (mo#1) in a photostationary state, E 1 represents absorbance at a peak wavelength of the ring-opening state, 
e 1 represents absorptivity (1/mol-cm) of the ring-opening state at the peak wavelength, E 2 represents absorbanc of 
5 the ring-closing state at the peak wavelength, and eg represents an absorptivity (1/mol-cm) of the ring-closing state at 
the peak wavelength. 

Temperature dependency values of the conversion yields of closed-ring form of the samples Nos. F-1 to F-3 were 
measured. The results are shown in Fig. 42. 

It is clearly understood from Fig. 42 that the conversion yields of closed-ring form formation ratio is increased by 
10 increasing the temperature of the optical recording medium. Namely, it is understood that reaction from the ring-opening 
state to the ring-closing state is extremely easily caused in the photochrome compound. 

This is conceivably because the polymer is locally relaxed with temperature rise, to easily cause reaction, which 
has been suppressed by steric hindrance or the like. 

It is also understood from Fig. 42 that temperature dependency of the conversion yields of closed-ring form is 
15 increased when the mixing ratio of the photochromic compound to the polymer is small. 

The information was reproduced by applying two beams of different wavelengths, using the optical system shown 
in Fig. 11. An optical recording medium was prepared by forming an A€ reflective layer on a glass substrate in a 
thickness of about 2000 A by vacuum deposition, and forming a recording layer with a solution of the sample No. F-2 
in the aforementbned manner. The thickness of the recording layer was about 20 um 
20 in the optical system, the apparatus 2a was formed by an Ar ion laser for outputting a linearty polarized pulse laser 

beam of 488 nm in wavelength. The apparatus 2b was formed by an He-Ne laser for outputting a linearly polarized 
pulse laser beam of 633 nm in wavelength. 

Relative reflectance was measured with the He-Ne laser beam, on the assumption that the value in a ring-opening 
state was 100 %. The information was reproduced by simultaneously applying the two beams of different wavelengths, 
with two types of power ratios. Fig. 43 shows the results. Referring to Fig. 43, black triangles show the results of 
measurement which was made under conditions of 488 nm - 0.8 mW and 633 nm - 0.5 mW. Black circles show the 
results of measurement which was made under conditions of 488 nm - 0.2 mW and 633 nm - 0.2 mW. The beams were 
applied in a recorded state (photostationary state) by 10 (is every pulse, at intervals of 10 ms. 

Referring to Fig. 43, white circles show the results of measurement which was made with independent irradiation 
30 of 633 nm - 0.2 mW, and white triangles show the results of measurement which was made with independent irradiation 
of 633 nm-0.5 mW. 

Example 7 is now described. 

The same photochromic material as Example 6 was employed and similar evaluation was made with a different 
polymer, which was prepared from polyvinyl butyral in place of polystyrene. Fig. 44 shows mixing ratios of the photo- 
35 chromic material to polyvinyl butyral. Optical recording media were prepared similarly to Example 6, and temperature 
dependency values of conversion yields of closed-ring form were measured. Fig. 45 shows the results. 

Comparative example was prepared by employing polymethacrylic acid as a polymer, in place of the polymers of 
Examples 6 and 7. Fig. 46 shows the mixing ratio of a photochromic material to the polymethacrylic acid. Fig. 47 shows 
temperature dependency of a conversion yield of closed-ring form in the combination of the photochromic material and 
<o the polymethacrylic acid. 

As understood from Fig. 47, this combination of the photochromic material and the polymethacrylic acid exhibited 
no temperature dependency. 

Example of a recording layer containing a singlet oxygen quencher is now described. 

A photochromic material was prepared from that shown in Fig. 1. 1 part by weight of the photochromic material, 
45 0.1 parts by weight of a singlet oxygen quencher and 100 parts by weight of polymethacrylic acid were mixed with 
each other and this mixture was mixed with/dissolved in 1 000 parts by weight of methyl ceilosolve, serving as a solvent, 
to form a recording layer by solution casting. As shown in Fig. 51 , an A€ reflective layer 2 was formed on a glass 
substrate 1 of 50 mm by 50 mm by vacuum deposition in a thickness of about 2000 A, to form a recording medium. A 
recording layer 3 of the aforementioned composition was formed on the reflective layer 2, in a thickness of about 20 um 
50 a beam of 458 nm in wavelength outputted from an Ar ion laser was used as recording light, and a beam of 633 

nm in wavelength outputted from an He-Ne laser was used as erasing light, with spot diameters of about 2 to 3 um 
The He-Ne laser beam, serving as an erasing laser beam, was applied with power of 0.85 mW for 10 (is, while the Ar 
ion laser beam, serving as a recording laser beam, was applied with power of 0.90 mW for 100 (is. Such erasing and 
recording were counted as one, and the number of repeatable times was measured in relation to reduction by 50 % 
55 with respect to initial change. Reflectance was measured after application of the recording beam by applying the He- 
Ne laser beam of the same power for 1 \xs. As the result, recording was about 50 to 70 % with respect to a photostationary 
state, and it is conceivable that information was completely erased. 
The number of repeatable times was 160,000. 
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Then the singlet oxygen quencher was replaced by that having a structural formula shown in Fig. 49, and the 
number of repeatable times was measured in a similar manner to the above. The result was 100,000. 

The singlet oxygen quencher was further replaced by that having a structural formula shown in Fig. 50, and th 
number of repeatable times was measured similarly to the above. The result was 130,000. 
5 For the purpose of comparison, a recording layer was formed with no addition of a singlet oxygen quencher, and 

the number of repeatable times was measured. The result was 60,000. 

As understood from the above, it is possible to improve repeat durability by adding a singlet oxygen quencher to 
a recording layer according to the present invention. 

10 

Claims 

1 . An optical recording medium comprising: 

is a recording layer comprising a polymer combined with at least one material which is photochromically con- 

vertible from a first color to a second color by the irradiation thereof with light of a first wavelength, and is 
photochromically convertible from said second color to said first color by the irradiation thereof with light of a 
second wavelength; 

a reflective layer, adapted to reflect light incident thereon, and 
20 a substrate for supporting a laminate of said recording layer and said reflective layer, said reflective layer being 

disposed on said substrate, 

characterized in that said polymer interacts with said material at a first temperature to suppress conversion 
from said first color to said second color and to permit said material at a second temperature to be converted from 
25 said first color to said second color. 

2. An optical recording medium in accordance with claim 1 , wherein said photochrome material contained in said 
recording layer is thermally stable and said polymer has strong intermolecular interaction with respect to said 
photochrome material. 

30 

3. An optical recording medium in accordance with claim 2, wherein said photochrome material is a diarylethene 
derivative. 

4. An optical recording medium in accordance with claim 3, wherein combination of said photochrome material and 
35 said polymer exhibits such temperature dependency that a conversion yield of closed-ring form of said photochro- 
me material at 140°C is at least twice that at the ordinary temperature. 

5. An optical recording medium in accordance with claim 3, wherein said diarylethene derivative has at least one 
benzothiophene ring. 

40 

6. An optical recording medium in accordance with claim 5, wherein said diarylethene derivative is a 2,3-bis(2-methyl- 
benzo[b]thiophene-3-yl) maleic anhydride. 

7. An optical recording medium in accordance with claim 5, wherein said polymer is capable of ion dissociation. 

45 

8. An optical recording medium in accordance with claim 7, wherein said polymer has a carboxylic acid group. 

9. An optical recording medium in accordance with claim 8, wherein said polymer is polymethacrylic acid. 

50 10. An optical recording medium in accordance with claim 3, wherein said diarylethene derivative has an indole ring 
and a thiophene ring. 

1 1 . An optical recording medium in accordance with claim 10, wherein said diarylethene derivative is a 2-(1 ,2-dimethyl- 
3-indolyl)-3-(2,4,5-trimethyl-3-thienyl) maleic anhydride. 

55 

12. An optical recording medium in accordance with claim 10, wherein said polymer is polystyrene. 

13. An optical recording medium in accordance with claim 10, wherein said polymer is polyvinyl butyraL 
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14. An optical recording medium in accordance with claim 1, wherein the mixing ratio of said photochromic material 
to said polymer contained in said recording layer is less than 20 percent by weight. 

15. An optical recording medium in accordance with claim 14, wherein said polymer has an aryl group, and said mixing 
ratio is less than 1 0 percent by weight. 

16. An optical recording medium in accordance with claim 15, wherein said por/mer is selected from a group of poly- 
styrene, a styrene-methacrylic acid copolymer and polycarbonate. 

17. An optical recording medium in accordance with claim 14, wherein said polymer has a group having an electric 
dipole which is larger than an aryl group, and said mixing ratio is less than 3 percent by weight 

18. An optical recording medium in accordance with claim 17, wherein said polymer is polymethacrylic acid. 

19. An optical recording medium in accordance with claim 1, wherein said recording layer contains a singlet oxygen 
quencher. 

20. An optical recording medium in accordance with claim 1 9, wherein said singlet oxygen quencher is selected from 
a group of 1 




and 
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is 21. An optical recording medium in accordance with claim 1 , wherein said recording layer contains said photochrome 
material and said polymer as a mixture. 

22. An optical recording medium in accordance with claim 1 , wherein said recording layer contains said photochromic 
material as a side chain of said polymer. 

20 

23. An optical recording medium as claimed in claim 1 , characterized in that a first quantum yield from said first color 
to said second color by irradiation with said first wavelength of light being increased depending on temperature 
rise, and a second quantum yield from said second color to said first color by irradiation with said second wavelength 
of light having temperature dependency less than that of said first quantum yield. 

25 

24. An optical recording medium as claimed in claim 1 , characterized in that a conversion ratio from said first color 
to said second color in an equilibrium state at 100°C with irradiation of said first wavelength of light being at least 
twice larger than that at a room temperature. 

30 

Patentanspruche 

1. Optisches Aufzeichnungsmedium mit: 

3S einer Aufzeichnungsschicht mit einem Polymer, das zumindest mit einem Material kombiniert wird, welches 

durch Einstrahlung mit Licht einer ersten Wellenlange photochromatisch von einer ersten Faroe in eine zweite 
Farbe konvertierbar ist, und welches durch Bestrahlung mit Licht einer zweiten Wellenlange photochromatisch 
von der zweiten Farbe zu der ersten Farbe konvertierbar ist; 

einer Spiegelschicht, die zur Reflexion des auf sie einfallenden Licht es ausgestaltet ist, und 
40 einem Substrat, um die Schichtung der Aufzeichnungsschicht und der Spiegelschicht zu tragen, wobei die 

Spiegelschicht auf dem Substrat ausgebildet ist, 

dadurch gekennzelchnet, daft 

das Polymer mit dem Material bei einer ersten Temperatur zusammenwirkt, um die Umwandlung von der ersten 
45 Farbe in die zweite Farbe zu unterdrucken und es dem Material bei einer zweiten Temperatur zu ermoglichen, von 

der ersten Farbe in die zweite Farbe konvertiert zu werden. 

2. Optisches Aufzeichnungsmedium nach Anspruch 1 , bei dem das in der Aufzeichnungsschicht enthaltene photo- 
chromatische Material thermisch stabil ist und bei dem das Polymer eine starke intermolekulare Wechselwirkung 

so rnft dem photochromatischen Material hat. 

3. Optisches Aufzeichnungsmedium nach Anspruch 2, bei dem das photochromatische Material ein Diarylethende- 
rivat ist. 

55 4. Optisches Aufzeichnungsmedium nach Anspruch 3, bei dem die Kombination des photochromatischen Materials 
und des Polymers eine solche Temperaturabhangigkeit zeigt, so daO die Umwandlungsausb ute des photochro- 
matischen Materials mit geschlossenen Ringen bei einer Temperatur von 140° C zumindest doppelt so hoch wie 
bei gewdhnlicher Temperatur ist. 



20 



EP 0 488 153 B1 

5. Optisches Aufzeichnungsmedium nach Anspruch 3, bei dem das Diarylethenderivat zumindest einen Benzothio- 
phenring aufweist. 

6. Optisches Aufzeichnungsmedium nach Anspruch 5, bei dem das Diarylethenderivat ein 2,3- bis{2-Methyl-Benzo- 
(b)-7hiophen-3-yl)-Maleinsaureanhydrid ist 

7. Optisches Aufzeichnungsmedium nach Anspruch 5, bei dem das Polymer lonen<lissoziierbar ist. 

8. Optisches Aufzeichnungsmedium nach Anspruch 7, bei dem das Polymer eine Carboxylsauregruppe aufweist. 

9. Optisches Aufzeichnungsmedium nach Anspruch 8, bei dem das Polymer Polymetacrytsaure ist. 

10. Optisches Aufzeichnungsmedium nach Anspruch 3, bei dem das Diarylethenderivat einen Indolring und einen 
Thiophenring aufweist. 

11. Optisches Aufzeichnungsmedium nach Anspruch 10, bei dem das Diarylethenderivat ein 2-(1,2-Dimethyl-3-lndo- 
iyl)-3-(2,4,5-Trimethyl-3-Thienyl) -Maleinsaureanhydrid ist. 

12. Optisches Aufzeichnungsmedium nach Anspruch 10, in dem das Polymer Polystyrol ist 

13. Optisches Aufzeichnungsmedium nach Anspruch 10, in dem das Polymer Polyvinylbutyral ist 

14. Optisches Aufzeichnungsmedium nach Anspruch 1 , bei dem das Mischungsverhaltnis des in der Aufzeichnungs- 
schicht enthaltenen photochromatischen Materials zu dem Polymer kleiner als 20 Gew% ist. 

15. Optisches Aufzeichnungsmedium nach Anspruch 14, bei dem das Polymer eine Arylgruppe aufweist und wobei 
das Mischungsverhaltnis kleiner als 10 Gew% ist. 

16. Optisches Aufzeichnungsmedium nach Anspruch 1 5, bei dem das Polymeraus einer Gruppe aus Polystyrol, einem 
Styrolmetacrylsaure-Copolymer und Polycarbonat ausgewahlt ist. 

17. Optisches Aufzeichnungsmedium nach Anspruch 14, bei dem das Polymer eine Gruppe mit einem elektrischen 
Dipol aufweist, der grdGer als bei einer Arylgruppe ist, und wobei das Mischungsverhaltnis kleiner als 3 Gew% ist. 

18. Optisches Aufzeichnungsmedium nach Anspruch 17, wobei das Polymer Polymetacrylsaure ist 

19. Optisches Aufzeichnungsmedium nach Anspruch 1 , bei dem die Aufzeichnungsschicht einen Singulett-Sauerstoff- 
quencher enthalt 

20. Optisches Aufzeichnungsmedium nach Anspruch 20, bei dem der Singulett-Sauerstoff quencher aus einer Gruppe 
bestehend aus: 
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und 




ausgewahlt ist. 

21. Optisches Aufzeichnungsmedium nach Anspruch 1 ( bei dem die Aufzeichnungsschicht das photochromatische 
Material und das Polymer als Mischung enthalt. 

22. Optisches Aufzeichnungsmedium nach Anspruch 1, bei dem die Aufzeichnungsschicht das photochromatische 
Material als Seitenkette des Polymers enthalt. 

23. Optisches Aufzeichnungsmedium nach Anspruch 1 , dadurch gekennzeichnet, dafJ bei Bestrahlung mit Licht der 
ersten Wellenlange eine erste Quantenausbeute von der ersten Farbe zur zweiten Farbe abhangig vom Tempe- 
raturanstieg und daB bet Bestrahlung mit Licht der zweiten Wellenlange eine zweite Quantenausbeute von der 
zweiten Farbe zur ersten Farbe eine geringere Temperaturabhangigkeit hat als die erste Quantenausbeute. 

24. Optisches Aufzeichnungsmedium nach Anspruch 1, dadurch gekennzeichnet, daB das Umwandlungsvemaltnis 
von der ersten Farbe in die zweite Farbe in einem Gleichgewichtszustand bei 100°C bei Bestrahlung mit Licht der 
ersten Wellenlange zumindest doppelt so grofl wie jenes bei Raumtemperatur ist. 



Revendications 

1 . Support d'enregistrement optique comprenant : 

une couche d'enregistrement constitute d'un polymere combine avec au moins un matSriau qui est convertible 
photochromiquement pour passer d'une premiere couleur a une seconde couleur par son irradiation avec une 
lumiere d'une premiere longueur d'onde, et convertible photochromiquement pour passer de ladite seconde 
couleur a ladite premiere couleur par son irradiation avec une lumiere d'une seconde longueur d'onde; 
une couche rdflechissante, destined a r^flechir la lumiere tombant sur son dessus, et 
un substrat pour supporter un stratifie de ladite couche d'enregistrement et de ladite couche refiechissante, 
ladite couche refiechissante 6tant disposes sur (edit substrat, 
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caracterise en ce que (edit polymere agit mutuellement avec ledit materiau a une premiere temperature 
pour supprimer la conversion entre ladite premiere couleur et ladite seconde couleur et pour permettre audit ma- 
teriau a une seconde temperature d'etre converts de ladite premiere couleur a ladite seconde couleur 

2. Support d'enregistrement optique selon la revendication 1 , dans lequel ledit materiau photcchromiqu contenu 
dans ladite couche d'enregistrement est thenmiquement stable et ledit polymere pr6sente une forte interaction 
intramoleculaire par rapport audit materiau photochromique. 

3. Support d'enregistrement optique selon la revendication 2, dans lequel ledit materiau photochromique est un derive 
de diaryiethene. 

4. Support d'enregistrement optique selon la revendication 3, dans lequel la combinaison dudit materiau photochro- 
mique et dudit polymere pr6sente une dependance vis-a-vis de la temperature telle que le rendement de la con- 
version de la forme a cycle ferme dudit materiau photochromique a 140°C est au moins le double de celui a la 
temperature ordinaire. 

5. Support d'enregistrement optique selon la revendication 3, dans lequel ledit derive de diaryiethene comporte au 
morns un cycle benzothiophene. 

6. Support d'enregistrement optique seton la revendication 5, dans lequel ledit d6riv6 de diary lethene est un anhydride 
2,3-bis(2-methyl-benzo[b]thiophene-3-yl)maieique. 

7. Support d'enregistrement optique selon la revendication 5 ( dans lequel ledit polymere est capable d'etre soumis 
a une dissociation ionique. 

8. Support d'enregistrement optique selon la revendication 7, dans lequel ledit polymere comporte un groupe acide 
carboxylique. 

9. Support d'enregistrement optique selon la revendication 8, dans lequel ledit polymere est un acide polymethacryli- 
que. 

10. Support d'enregistrement optique selon la revendication 3, dans lequel ledit derive de diaryiethene a un cycle 
indole et un cycle thiophene. 

11. Support d'enregistrement optique selon la revendication 10, dans lequel ledit derive de diaryiethene est un anhy- 
dride 2-(1 l 2-dimethyl-3-indolyl)-3-(2 ) 4 > 5-trimethyl-3-thi6nyl)maieique. 

12. Support d'enregistrement optique selon la revendication 10, dans lequel ledit polymere est du polystyrene. 

13. Support d'enregistrement optique selon la revendication 10, dans lequel ledit polymere est du polyvinylbutyral. 

14. Support d'enregistrement optique selon la revendication 1 , dans lequel le rapport de melange dudit materiau pho- 
tochromique et dudit polymere contenu dans ladite couche d'enregistrement est interieur a 20 % en poids. 

15. Support d'enregistrement optique selon la revendication 14, dans lequel ledit polymere a un groupe aryle, et ledit 
rapport de melange est interieur a 10 % en poids. 

16. Support d'enregistrement optique selon la revendication 15, dans lequel ledit polymere est choisi dans le groupe 
constitue du polystyrene, d'un copolym6re styrene-acide m6thacrylique et du polycarbonate. 

17. Support d'enregistrement optique selon la revendication 14, dans lequel ledit polymere comporte un groupe ayant 
un dipole eiectrique qui est plus grand qu'un groupe aryle, et ledit rapport de melange est interieur a 3 % en poids. 

18. Support d'enregistrement optique selon la revendication 17, dans lequel ledit polymere est un acide polym6tha- 
crylique. 

19. Support d'enregistrement optique selon la revendication 1, dans lequel ladite couche d'enregistrement contient 
un agent d'etouffement de I'oxygene a stngulet. 
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21. Support d'enregistrement optique selon la revendication 1, dans lequel ladite couche d'enregistrement contient 
ledit mat6riau photochromique et ledit polymere sous forme d'un melange. 

45 

22. Support d'enregistrement optique selon la revendication 1 , dans lequel ladite couche d'enregistrement contient 
ledit materiau photochromique comme chaTne secondare dudit polymere. 



23. Support d'enregistrement optique selon la revendication 1 , caracterise en ce qu'un premier rendement quantique 
50 pour passer de ladite premiere couleur a ladite seconde couleur par irradiation avec ladite premiere longueur 

d'onde de la lumiere est accru en fonction de ('augmentation de la temperature, et un second rendement quantique 
pour passer de ladite seconde couleur a ladite premiere couleur par irradiation avec ladite seconde longueur 
d'onde de la lumiere a une d6pendance vis-a-vis de la temperature interieure a celle dudit premier rendement 
quantique. 

55 

24. Support d'enregistrement optique selon la revendication 1 , caracterise en ce que le rapport de conversion pour 
passer de ladite premiere couleur a ladite seconde couleur dans un 6tat d'equilibre a 100°C avec Irradiation de 
ladite premiere longueur d'onde de la lumiere est au moins le double de celui a la temperature ambiante. 
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FIG. 27 




FIG. 28 
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FIG. 32 
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FIG. 33 
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FIG. 34 
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FIG. 48 




68 



EP 0 488 153 B1 




69 



EP 0 488 153 B1 
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